Measurements of polynucleotide sequence homologies have proved useful in investigating the relationships of viruses, bacteria, plants, and animals. The techniques have largely been restricted to examination of organisms whose genetic information is contained in double-stranded DNA. With few exceptions, the nucleic acids of mature RNA virions are single-stranded and therefore not amenable to hybridization. It has become clear, however, that cells infected with RNA viruses also contain RNA's that are base-paired and consist of "plus" strands (indistinguishable from encapsidated viral RNA) and complementary, or "minus," strands.1-3 Recently described methods for the extraction and purification4 of this ± RNA now provide minus strands that permit examination of RNA-RNA interactions.
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was then re-added in the presence of 32P-orthophosphate, 100 huc/ml. Five hr later, the fluid was discarded and the cells were frozen at -60'C. After the cells were resuspended in SDS-acetate buffer (0.35% SDS, 0.01 M sodium acetate, pH 5.1, 0.10 M NaCl), RNA was extracted by phenol at 60'C. Differential salt precipitation of single-stranded RNA was then carried out according to the methods of Bishop and Koch. 4 The ±RNA was purified by two cycles of chromatography on cellulose columns (Whatman CF11). Successive elutions with 35%, 15%, and 0% ethanol in STE buffer (0.1 M NaCl, 0.05 M Tris-HCl, pH 6.9, 10-3 M EDTA) were carried out as described by Franklin.8 Annealing reactions: Poliovirus 41RNA in STE buffer was "melted" in 10 vol of DMSO for 30 min at 370C.9 Initially, DMSO-denatured + -RNA was precipitated in 2 vol of ethanol and washed'0 to remove DMSO from the annealing mixture. However, subsequent experiments demonstrated that, at the dilution (1:12.5) of DMSO-containing + -RNA employed in the reaction mixture, DMSO did not influence the extent of annealing; therefore, in later experiments, DMSO-denatured + -RNA was used without further treatment.
A maximum of 0.01 /jg of 82P-labeled + -RNA (spec. act. 8 X 10L-3.4 X 106 cpm/jug) was allowed to react with 2 ;Lg of unlabeled +RNA prepared from homologous or heterologous poliovirus. Unless otherwise stated, reactions were performed in 2.25 X SSC (0.15 M NaCL, 0.015 M sodium citrate) at 670C for 1 hr in a volume of 1.25 ml. The criterion for annealing was resistance to hydrolysis by pancreatic RNase (Worthington Biochemical Corporation, Freehold, N. J.), 40 ;ig/ml for 30 min at 370C. RNase-resistant material was collected on nitrocellulose membrane filters (Bac-T-Flex B6, Carl Schleicher and Schuell Co., Keene, N. H.) by adding carrier yeast RNA followed immediately by TCA to a final concentration of 5%. Filters were dried and placed in glass vials containing toluene and phenylbiphenyloxadiazole-1,3,4. 32P-radioactivity was measured in a Packard liquid scintillation spectrometer.
Results.-Kinetics of reannealing: i RNA (2) was 94 per cent RNase-resistant ( Fig. 1 ), but after treatment with DMSO, only 11 per cent of + -RNA (2) remained resistant to RNase. The nature of this 11 per cent fraction resistant to denaturation by DMSO Influence of temperature and salt concentration on reannealing: Since the Tm for poliovirus dRNA is 870C in 0.01 X SSC,4 salt concentration and temperature were systematically varied to determine the most restrictive conditions that still permitted complete reannealing (Fig. 3) . Maximal ployed for subsequent annealing and reannealing experiments. MS2 bacteriophage +RNA, whose guanine +cytosine content is similar to poliovirus,"3 and hamster cell RNA failed to react with poliovirus + -RNA under the latter conditions (Table 1) .
Annealing of heterologous poliovirus RNA's: The extent of heterologous annealing was compared with the homologous reaction as described in Materials and Methods. After subtraction of 32P-radioactivity that was initially RNase-resistant in the absence of added +RNA (see Fig. 1 ), the homologous reaction was normalized to a value of 1.00. Equal subtractions were made from values obtained with heterologous +RNA's. Average results of two or more experiments were expressed as the decimal fraction of the RNase-resistant radioactivity in the homologous mixture (Table 1) 
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Additional information on the nature of the polynucleotide sequence homologies was obtained from experiments that included simultaneously both heterologous poliovirus +RNA's in the incubation mixtures. Additive homologies were not observed (Fig. 4) .
The two strains of type 1 poliovirus, Brunhilde and Mahoney, were equally distinct from types 2 and 3. However, these strains themselves showed reciprocal homologies of only 0.74. The hybridization technique thus detects intratypic differences in polynucleotide sequences that are smaller than the differences among antigenic types 1, 2, and 3. Size of reannealed products: A crude estimate of the size of the homologous reaction products relative to the size of the heterologous products was achieved by gel filtration through a G-100 Sephadex column. + -RNA (1) Brunhilde was reannealed with +RNA (1) Brunhilde or annealed with +RNA (2). The elution of these products and protein markers with STE buffer was followed by the elution of RNase-resistant, TCA-precipitable 32P-RNA or by optical density measurement at 280 mu (Fig. 5) . vRNA (1/1) was eluted in the region of the excluded molecules as indicated by the 2 X 106-dalton dextran blue marker; however, d RNA (1/2) was eluted both in the excluded region and in the retarded regions. The heterologous RNase-resistant polynucleotide sequences therefore appear to consist of a spectrum of molecular sizes, some of which are smaller than those found in the homologous ±RNA (1/1). These results indicate that the heterologous reaction products contain some unmatched regions which are susceptible to pancreatic RNase, and presumably indicate a fit of sequences less nearly perfect than those found in the homologous reactions.
Confirmation of antigenic identity of virus strains studied: Because of the extent of the differences observed by nucleic acid hybridization, especially the intratypic differences between the Brunhilde and Mahoney agents, viruses used for preparation of +RNA and 4RNA were identified by plaque neutralization tests. Values of 80 per cent plaque reduction are given in Polynucleotide homologies among poliovirus RNA's appear to be specific as judged by the complete failure of MS 2 bacteriophage RNA or hamster cell RNA to effect annealing. Nevertheless, individual nucleotides may not be in perfect register, since relatively nonrestrictive annealing conditions (2.25 X SSC, 670C) were used. At 0.8 X SSC and 750C, the differences were less reproducible but greater, an observation indicating that the 0.25-0.33 relatedness values for the three types of poliovirus are perhaps overestimates. It should also be noted that the number of adjacent unmatched base pairs required for RNase susceptibility is unknown.
Since poliovirus +RNA of 2 X 106 daltons14 can direct the synthesis of about seven proteins of average molecular weight 30,000, the present data suggest that only one or two protein equivalents (not necessarily identical) are common to all three polioviruses. It should now be feasible to determine whether the poliovirus nucleotide sequences common to each type code for sequentially synthesized early or late functions. Also, since about one half of the poliovirus proteins are capsid proteins,"5 it is probable that nucleotide sequence differences indicate dissimilarities in both structural and nonstructural proteins.
Reciprocal homologies of about 0.74 were observed between the RNA's of the Brunhilde and Mahoney strains of type 1 poliovirus. Previously, intratypic differences between these and other strains have been demonstrated by immunologic methods such as kinetic neutralization tests"6 and quantitative complement fixation tests, '7 or by the use of absorbed immune sera.'8 The RNA hybridization technique offers an independent method for quantitating these differences. Both type 1 strains used in this study had been passaged extensively in cell cultures, a procedure known to influence the characteristics of poliovirus as measured by various genetic markers.'9 The effect of multiple passage on RNA homologies is presently being examined, as are comparisons of vaccine strains with the "wild" strains from which they were derived.
The 
